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Evolution of Composite Resin Development
Epoxy Thermosets & Peek Thermoplastics
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Keys to Low-Cost Composite Fabrication
Processes for Airframe Structures

* Low cost fiber forms and matrices

* Automated processes
- high speed textile processes
- advanced fiber placement

* Non-autoclave curing
- vacuum-assisted resin transfer molding
- cure-on-the-fly

* Low-cost tooling

* In-process control/nondestructive evaluation
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Automated Fabrication Technologies for
High Performance Polymer Composites

* Vacuum Assisted Resin Transfer
Molding (VARTM)

* Resin Film Infusion (RFI)
e Automated Placement

- autoclave processing
- non-autoclave processing
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Textile Material Forms

Multiaxial warp knit
(stitched & unstitched)
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2-D trlaxial braid
(stitched & unstitched)
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Extended Arm

Single Needle

= Limited preform size

= Limited thickness

- Low speed manual
operation (<100 Stit./min)

Evolution of Stitching Technology

X-Y Computer Controlled
Single Head Quilting Tech.
=24 m x 4.6 planform

= 36.1 mm thick preforms

= Medium speed (200 Stit./min)

Robotic Multi-Needle
End Effectors
- Off-axis stitching
- Complex shapes
- High speed (800* Stit./min)

Multi-Head Multi-Needle
Computer Controlled Gantry
= 3.0 m x 15.2 m plantorm
= Vertical Stitching
= 38.1 mm thick preforms
- High speed walking needle

concept (B00 Stit./min)
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Stitched Semi-Span Wing Lower Cover Preform
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Low-Cost Vacuum Assisted Resin
Transfer Molding Process

Advantages of low-cost RTM process:

* Resin and fiber used in lowest cost form

* Prepreg process eliminated

* Freezer storage & shelf life problems
eliminated

* Low-cost, one-sided tooling

* Low energy, low pressure out-of-autoclave
— processing

- - Utilizes net-shape, damage tolerant textile
preforms secondary bonding and fastening

90 ft, one-piece boa®t hull fabricated
with SCRIMP process
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Challenges for aircraft applications:

* Out-of-autoclave cure resins with adequate

H SCAMP - Patnred properties

Amnin OistrBulion Kaed

* Dimensional tolerances with low-cost tooling

SCRIMP 2 Patented resin
distribution media
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Vacuum Assisted Resin Transfer Molding
Tooling For Fuselage Section
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Vacuum Assisted Resin Transfer Molded
Fuselage Section
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Vacuum Assisted Resin Transfer Molding
Process Development

Reusable Vacuum Bag
for Flat Panel

Structures & Materials
NASA Langley Reseach Center

Stiffened Panel After Cure

Reusable Vacuum Bag
for Stiffened Panel



Vacuum Bagged Semi-Span Wing Tool Proof
Article Prior to Cure
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Semi-Span Wing Tool Proof Article After Cure
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Three-Dimensional Resin Film Infusion Model

Program Structure

Ply Drop Off Single Blade Stiffener
Preform/Tooling Assembly

* Flow

Aluminum caul sheet

i * Heat Transfer

Aluminum blocks

* Resin Kinetics
* Resin Viscosity

* Preform Compaction
Stitched
graphite &
preform

* Residual Stress and

‘Aluminum baseplate Warpage
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Schematic of The NASA Powder-Coating Line

Powder Hopper

Fiber Spools with
Magnetic Brakes
Air Roller

Tension Control Impregnator Screw-Type Pneumatic
and Take-up Bars Powder Feeder Spreader
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DIRECTION OF PROCESS
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Schematic of NASA Ribbon/Tape Line

stationary ceramic
bar assembly
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5-Ribbon Thermoplastic Fiber Placement Head

Linear Slide Assembly

s Material Feed

~__Tow Guide/
Feed Module
T Hot Gas Torch/
(e i _ Nozzle Assembly
S LIPS
z'/ d
2 IR Sensor Ribbon Cutter Assembly
“~— Compaction Roller Assembly

Head Motion -—
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NASA Developed Robot, Heated Head
and Heated Flat Tool

NASA Developed Heated Head Tool-Side View NASA Developed
Laying Ribbon on a Flat Tool Heated Head
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Concluding Remarks

- Automated fabrication technologies are required to
achieve widespread, cost-effective application of
composite structures in transport aircraft

* Major advancements have been made in fabrication
of primary aircraft structures with damage-tolerant
textile material forms and Resin Film Infusion (RFI)
processes

* Vacuum Assisted Resin Transfer Molding (VARTM) of
composite structures offers an attractive cost-effective
alternative to autoclave cured composites

* Significant progress has been demonstrated for heated-head,
cure-on-the-fly automated placement fabrication methods
applied to flat and curved composite structures
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